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(54) REFRIGERANT CYCLE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
refrigerant cycle device for eliminating 
inconvenience caused by pressure unbalance in 
compression elements of a multistage compression 
type compressor. 

SOLUTION: The inside of a sealed vessel 12 is 
provided with a motor-driven element 14 and the first 
and second rotary compression elements 32 and 34 
driven by this motor-driven element 14. A refrigerant 
circuit comprises a multistage compression type 
rotary compressor 10 for sucking, compressing and 
delivering intermediate pressure refrigerant gas 
compressed by the first rotary compression element 
32 to the second rotary compression element 34. A 
control device C is provided for controlling the 
motor-driven element 14 by an inverter I. This 
control device C detects the pressure unbalance of the 
respective compression elements (a first stage and a 
second stage) of the rotary compressor 10 on the 
basis of an output current of the inverter I. 




* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention is equipped with the 1st and 2nd compression elements driven with an electric 
element and this electric element in a well-closed container, and relates to the refrigerant 
cycle equipment with which the refrigerant circuit consisted of multistage-compression-type 
compressors which attracts the refrigerant gas of the intermediate pressure compressed with 
the 1st compression element to the 2nd compression element, and compress and carry out the 
regurgitation to it. 
[0002] 

[Description of the Prior Art] 

Conventionally, in the well-closed container, the rotary compressor of for example, a two- 
step compression equation contains a stator, the electric element (revolving speed control is 
carried out with an inverter) which consists of Rota, the 1st rotation compression element 
driven with this electric element, and it and the 2nd rotation compression element attached 
through the phase contrast of 180 degrees, and is constituted. 
[0003] 

And a refrigerant gas is inhaled from the intake port of the 1 st rotation compression element 
by rotation of an electric element at the low-pressure-chamber side of a cylinder, and 
compression is performed by actuation of a roller and a vane, and it becomes intermediate 
pressure, and is breathed out in a well-closed container through a regurgitation port, a 
regurgitation silence room, and interstage-outflow tubing from the hyperbaric-chamber side 
of a cylinder. 
[0004] 

The refrigerant gas of the intermediate pressure breathed out in the well-closed container is 
inhaled at the low-pressure-chamber side of the cylinder of the 2nd rotation compression 
element, compression is performed by actuation of a roller and a vane, and it turns into a 
refrigerant gas of elevated-temperature high pressure, flows into the gas cooler which 
constitutes a refrigerant circuit from a hyperbaric-chamber side through a regurgitation port 
and a regurgitation silence room, heat dissipation and after condensing, is extracted by the 
expansion valve (decompression device) of predetermined opening, and is supplied to an 
evaporator (evaporator). Then, it was what a refrigerant evaporates, demonstrates a cooling 
operation by carrying out endoergic from a perimeter then, and air-conditions the vehicle 
interior of a room. 
[0005] 

[Problem(s) to be Solved by the Invention] 

Here, the pressure in a refrigerant circuit is balanced in the condition (for example, condition 
in which a vehicle is not driven for a long period of time) that the rotary compressor of the 
two-step compression equation like **** has stopped. That is, the pressure of a 1st rotation 
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compression element's intake side, a discharge side, and a 2nd rotation compression element's 

intake side and a discharge side will balance. 

[0006] 

With the 2nd rotation compression element (the 2nd step), it will be in the condition that 
differential pressure hardly arises in a discharge side an intake side until the discharge 
pressure of the 1 st rotation compression element goes up, since the work referred to as a 
refrigerant being first absorbed by the 1st rotation compression element (the 1st step), 
compressing, and being breathed out will be started, if an electric element is started from 
such a condition. That is, with the 2nd rotation compression element, it becomes the situation 
which work hardly constitutes. 
[0007] 

Although the discharge pressure (high-tension side) of the 2nd rotation compression element 
will also go up gradually and the 2nd rotation compression element will also begin to work 
with the rise of the discharge pressure (intermediate pressure) of the 1 st rotation compression 
element in fact In the time of starting like ****, only the 1st rotation compression element 
(the 1 st step) works, and the 2nd rotation compression element (the 2nd step) serves as an 
unbalanced operation situation referred to as hardly working. In addition, it is thought that the 
imbalance of the pressure in such each rotation compression element is generated also when 
an electric element carries out rotational frequency descent from high rotation at low rotation. 
[0008] 

In such a situation, when the 1st rotation compression element (the 1st step) is in a pressing 
operation, the running torque which changes size is needed, but running torque becomes 
small when the 2nd rotation compression element (the 2nd step) with it and the phase contrast 
of 1 80 degrees is in a pressing operation. That is, fluctuation of the torque under 1 rotation 
becomes large. 
[0009] 

If the pressure imbalance condition of such 1st rotation compression element (the 1st step) 
and the 2nd rotation compression element (the 2nd step) is continued for a long period of 
time, it will become imbalanced, an overcurrent will flow to an inverter, and destruction will 
produce torque required for rotation, and the current which flows to an electric element in 
order to generate driving torque since it becomes imbalanced. 
[0010] 

This invention is accomplished in order to solve the starting Prior-art-technical problem, and 
it aims at offering the refrigerant cycle equipment which can cancel un-arranging [ which is 
produced according to the pressure imbalance in the compression element of a multistage- 
compression-type compressor ]. 
[0011] 

[Means for Solving the Problem] 

Namely, in this invention, it has an electric element and the 1st and 2nd compression 
elements driven with this electric element in a well-closed container. In the refrigerant cycle 
equipment with which it had the multistage-compression-type compressor which attracts the 
refrigerant gas of the intermediate pressure compressed with the 1st compression element to 
the 2nd compression element, and compresses and carries out the regurgitation to it, and the 
refrigerant circuit was constituted It has the control unit which controls an electric element by 
the inverter. This control unit Since the pressure imbalance of each compression element of a 
compressor was detected based on the output current of an inverter, it becomes possible to 
avoid beforehand un-arranging, such as destruction of the inverter for an electric element 
drive produced according to the pressure imbalance of each compression element. 
[0012] 



This becomes possible to aim at improvement in the dependability of a compressor. The 
improvement in dependability of a compressor and the overcurrent protection of an inverter 
can be realized without being able to use the current detection for the overcurrent protections 
of an inverter, and establishing an exceptional detection means, since the pressure imbalance 
of a compressor is especially detected based on the current of an inverter output. 
[0013] 

Moreover, it adds above, and since the control device was judged to be what pressure 
imbalance has produced in each compression element of a compressor when the difference of 
the maximum of the output current of an inverter and the minimum value was expanded to a 
predetermined value, the program about detection of the pressure imbalance of the 1st and 
2nd compression elements etc. can consist of invention of claim 2 comparatively easily. 
[0014] 

Moreover, since the expansion valve which constitutes a refrigerant circuit was controlled by 
invention of claim 3 to predetermined opening when it was judged as that from which 
pressure imbalance has produced the control device with each compression element of a 
compressor in addition to the above, the pressure imbalance in the starting initial state of a 
compressor can be canceled at an early stage. 
[0015] 

This is enabled to cancel the pressure imbalance produced in the 1 st and 2nd compression 
elements for a short time, and a remarkable improvement of dependability can be aimed at 
now. 
[0016] 

This invention will become very suitable when differential pressure uses the carbon dioxide 
which becomes large as a refrigerant especially enclosed with a refrigerant circuit like 
invention of claim 4. 
[0017] 

[Embodiment of the Invention] 

Hereafter, based on a drawing, the operation gestalt of this invention is explained in full 
detail. As an example of the compressor used for the refrigerant cycle equipment of this 
invention, drawing 1 is the vertical section side elevation of the internal intermediate pressure 
mold multistage (two steps) compression equation rotary compressor 10 equipped with the 
1st and 2nd rotation compression elements 32 and 34 (all are examples of a compression 
element). 
[0018] 

It is the internal intermediate pressure mold multistage-compression type rotary compressor 
(equivalent to the compressor of this invention) with which 10 uses a carbon dioxide (C02) 
as a refrigerant in this drawing. The cylinder-like well-closed container 12 with which this 
rotary compressor 10 consists of a steel plate, It is arranged at the building envelope bottom 
of this well-closed container 12 the electric element 14 by which arrangement receipt was 
carried out, and under this electric element 14. It consists of the rotation compression device 
sections 18 which consist of the 1st rotation compression element 32 (the 1st step) and the 
2nd rotation compression element 34 (the 2nd step) which are driven with the revolving shaft 
16 of the electric element 14. 
[0019] 

Body of container 12A which a well-closed container 12 considers a pars basilaris ossis 
occipitalis as an oil reservoir, and contains the electric element 14 and the rotation 
compression device section 18, It consists of end cap (lid) 12B of the shape of**** which 
blockades up opening of this body of container 12 A. And circular mounting hole 12D is 
formed centering on the top face of this end cap 12B, and the terminal (wiring is omitted) 20 



for supplying power to the electric element 14 is attached in this mounting hole 12D. 
[0020] 

The electric element 14 consists of a stator 22 annularly attached along with the inner skin of 
the up space of a well-closed container 12, and Rota 24 by which prepared some spacing 
inside this stator 22, and insertion installation was carried out. This Rota 24 is being fixed to 
the revolving shaft 16 prolonged in the direction of a vertical through a core. 
[0021] 

The stator 22 has the layered product 26 which carried out the laminating of the doughnut- 
like magnetic steel sheet, and the stator coil 28 around which the tooth part of this layered 
product 26 was looped by the direct volume (concentration volume) method. Moreover, Rota 
24 is formed by the layered product 30 of a magnetic steel sheet like a stator 22, in this 
layered product 30, inserts a permanent magnet MG and is formed. 
[0022] 

The middle dashboard 36 is pinched between said 1st rotation compression element 32 and 
the 2nd rotation compression element 34. Namely, the 1st rotation compression element 32 
and the 2nd rotation compression element 34 The middle dashboard 36, and the upper 
cylinder 38 by which this middle dashboard 36 has been arranged up and down and the 
bottom cylinder 40, The vertical rollers 46 and 48 which carry out eccentric rotation by the 
vertical eccentricity sections 42 and 44 which have the phase contrast of 180 degrees and 
established the inside of the bottom cylinder 38 of besides, and 40 in the revolving shaft 16, 
The vanes 50 and 52 which besides divide the inside of the vertical cylinder 38 and 40 to a 
low-pressure-chamber and hyperbaric-chamber side in contact with lower rollers 46 and 48, 
respectively, It consists of the up supporter material 54 and the lower supporter material 56 as 
supporter material which blockade the effective area of the upper cylinder 38 top, and the 
effective area of the bottom cylinder 40 bottom, and make the bearing of a revolving shaft 16 
serve a double purpose. 
[0023] 

On the other hand, the up supporter material 54 and the lower supporter material 56 are made 
to carry out the cavity of the part to the interior of the vertical cylinders 38 and 40, and the 
intake path 60 (not shown [ the intake path by the side of the up supporter material 54 ]) 
which is open for free passage, respectively in the intake port which is not illustrated, and the 
regurgitation silence rooms 62 and 64 formed by blockading this cavity by the arm top cover 
66 and the discharge ring 68 are established in them. 
[0024] 

In addition, the regurgitation silence room 64 and the inside of a well-closed container 12 are 
opened for free passage on the free passage way which penetrates the vertical cylinders 38 
and 40 and the middle dashboard 36 and which is not illustrated, the interstage-outflow 
tubing 121 is set up by the upper limit of a free passage way, and the refrigerant of the 
intermediate pressure compressed with the 1st rotation compression element 32 from this 
interstage-outflow tubing 121 is breathed out in a well-closed container 12. 
[0025] 

Moreover, the arm top cover 66 which blockades the upper cylinder 38 interior of the 2nd 
rotation compression element 34 and top-face opening of the regurgitation silence room 62 
open for free passage divides the inside of a well-closed container 12 into the regurgitation 
silence room 62 and the electric element 14 side. 
[0026] 

and this case — as a refrigerant — the earth — it is environment-friendly, the carbon dioxide 
(C02) which is a natural refrigerant and which was mentioned above is used in consideration 
of inflammability, toxicity, etc., and, as for the oil as a lubricating oil, existing oil, such as 



straight mineral oil (mineral oil), an alkylbenzene oil, an ether oil, ester oil, and PAG (poly 

alkyl glycol), is used. 

[0027] 

Welding immobilization of the sleeves 141, 142, 143, and 144 is carried out in the intake path 
60 (the bottom is not shown) of the up supporter material 54 and the lower supporter material 
56, the regurgitation silence room 62, and the location corresponding to an arm-top-cover 66 
top (location which carries out abbreviation correspondence in the lower limit of the electric 
element 14) at the side face of body of container 12A which constitutes a well-closed 
container 12, respectively. While sleeves 141 and 142 adjoin up and down, a sleeve 143 is on 
the abbreviation diagonal line of a sleeve 141. Moreover, a sleeve 144 is in the location 
shifted a sleeve 141 and 90 abbreviation. 
[0028] 

And insertion connection of the end of the refrigerant installation tubing 92 for introducing a 
refrigerant gas into the upper cylinder 38 in a sleeve 141 is made, and the end of this 
refrigerant installation tubing 92 is open for free passage with the intake path which the upper 
cylinder 38 does not illustrate. This refrigerant installation tubing 92 passes the well-closed 
container 12 bottom, and results in a sleeve 144, insertion connection is made into a sleeve 
144 and the other end opens it for free passage in a well-closed container 12. 
[0029] 

Moreover, insertion connection of the end of the refrigerant installation tubing 94 for 
introducing a refrigerant gas into the bottom cylinder 40 in a sleeve 142 is made, and the end 
of this refrigerant installation tubing 94 is open for free passage with the intake path 60 of the 
bottom cylinder 40. The other end of this refrigerant installation tubing 94 is connected to the 
accumulator 158 (shown in drawing 2 ) bottom. Moreover, into a sleeve 143, insertion 
connection of the refrigerant discharge tube 96 is made, and the end of this refrigerant 
discharge tube 96 is open for free passage with the regurgitation silence room 62. 
[0030] 

Said accumulator 158 is a tank which performs vapor liquid separation of an intake 
refrigerant, and is attached in the up side face of body of container 12A of a well-closed 
container 12 through the bracket by the side of an accumulator 158 (not shown) at the bracket 
147 by the side of the well-closed container 12 by which welding immobilization was carried 
out. 
[0031] 

Next, drawing 2 shows the refrigerant circuit at the time of applying the refrigerant cycle 
equipment of this invention to a car air-conditioner (air conditioner), and the rotary 
compressor 10 mentioned above constitutes a part of refrigerant circuit of the car air- 
conditioner shown in drawing 2 . That is, the refrigerant discharge tube 96 of a rotary 
compressor 10 is connected to the inlet port of the gas cooler 154. piping which came out of 
this gas cooler 154 should pass the electromotive expansion valve 156 (decompression 
device) through the internal heat exchanger 160 — the inlet port of an evaporator (evaporator) 
1 57 is reached and the outlet of an evaporator 1 57 is connected to the refrigerant installation 
tubing 94 through the internal heat exchanger 160 and said accumulator 158. 
[0032] 

Next, drawing 3 shows the block diagram of the control device C of a car air-conditioner. In 
this case, the electric element 14 of said rotary compressor 10 is driven with the inverter I 
shown drawing 3 . That is, in drawing 3 R> 3, 102 is a booster circuit and is connected to the 
dc-battery charged with the generator driven with the engine which is not illustrated in this 
booster circuit 102. The transistor module 103 equipped with two or more power transistors 
TR which constitute Inverter I is connected to this dc-battery. And each power transistor TR .. 



It connects with the three phase of the stator coil (U phase, V phase, W phase) 28 of the 
electric element 14, and output Rhine rotates Rota 24 in the predetermined direction by 
carrying out sequential energization on a square 120 degrees at U phase, V phase, and W 
phase. 
[0033] 

Moreover, the Rota location detector 105 is connected to each phase of U phase, V phase, 
and W phase, and this Rota location detector 105 is connected to the general-purpose 
microcomputer 107 which constitutes a control unit C. The current transformer 109 for the 
Rota location detection is connected to V phase, and the current transformer 109 is connected 
to the microcomputer 107. This current transformer 109 presumes the angle-of-rotation 
location of Rota 24 by the comparison with a certain potential of the induced voltage which 
appears in one phase of the opening which is not energizing a stator coil 28, and input voltage, 
and is detected. In addition, the control device C is constituted by a booster circuit 102, the 
transistor module 103, the expansion valve control circuit 104, the Rota location detector 105, 
the inverter drive circuit 106, the microcomputer 107, the current transformer 109, etc. 
[0034] 

Since the Rota location detector 105 in this case can use the comparison signal of an 
electrical potential difference as a Rota 24 location detecting signal, also with the 
microcomputer with a comparatively low throughput, it processed control of the whole 
including system-protection control by the one chip, and has realized low cost-ization of a 
system. Moreover, the inverter drive circuit 106 is connected to a microcomputer 107. The 
inverter drive circuit 106 carries out drive control of said transistor module 103. And the 
current transformer 109 detects the drive current of the electric element 14 (V phase) 
outputted from Inverter L In addition, even if the current transformer 109 detects the current 
of U phase or W phase, it does not interfere. 
[0035] 

and positional information to the inverter drive circuit 106 where the Rota location detector 
105 detected the microcomputer 107 — each power transistor TR of the transistor module 103 
— it is controlling .., and the energization to a stator coil (U phase, V phase, W phase) 28 is 
controlled, and the rotational frequency of the electric element 14 is controlled. 
[0036] 

That is, it is detecting to which phase the transistor module 103 energizes a microcomputer 
107 to which phase by the location detecting signal which the Rota location detector 105 
detected, and it is not energized. Moreover, a microcomputer 107 transmits this detecting 
signal to the inverter drive circuit 106, and the inverter drive circuit 106 controls the output 
frequency of the transistor module 103. The rotational frequency of the electric element 14 is 
controlled by this output frequency to a predetermined rotational frequency. 
[0037] 

Moreover, the expansion valve control circuit 104 is connected to the microcomputer 107, 
and the expansion valve 1 56 (stepping motor) is connected to this expansion valve control 
circuit 104. This microcomputer 107 is controlled by the time of usual operation of 
refrigerant cycle equipment to the suitable opening which controlled the stepping motor and 
was able to determine the expansion valve 156 beforehand. 
[0038] 

In addition, when the difference of the maximum of the output current of Inverter I and the 
minimum value which the current transformer 1 09 detected is expanded to the predetermined 
value defined beforehand, the program judged that the imbalance of a pressure has occurred 
in each rotation compression elements 32 and 34 is beforehand included in the 
microcomputer 107. Moreover, when it is judged as what the imbalance of a pressure 



produced in each rotation compression elements 32 and 34, a microcomputer 107 transmits a 
signal to the expansion valve control circuit 104, stops the control of an expansion valve 1 56 
which was being performed till then, and resets it as the opening of the expansion valve 1 56 
shown in drawing 4 decided by the OAT and the frequency of the rotary compressor 10 at 
that time. 
[0039] 

Here, it energizes to the stator coil 28 of the electric element 14, and if Rota 24 rotates, a 
microcomputer 107 can detect the output current of Inverter I from the signal which the 
current transformer 109 detected and outputted. In this case, the current which the current 
transformer 109 detects when the current which flows to a stator coil 28 is large, and the 
current which the current transformer 1 09 detects when the current which becomes large and 
flows to a stator coil 28 is small become small. And the current which flows to a stator coil 
28 changes with torque required since the load 32 and 34 which joins the revolving shaft 16 
of the electric element 14, i.e., each rotation compression elements, is driven. Therefore, 
fluctuation of the torque in each rotation compression elements 32 and 34 is detectable from 
change of the current detected by the current transformer 1 09. 
[0040] 

The above configuration explains actuation below. If it energizes to the stator coil 28 of the 
electric element 14 through a terminal 20 and wiring which is not illustrated, the electric 
element 14 will start and Rota 24 will rotate. The vertical rollers 46 and 48 by which fitting 
was carried out to the vertical eccentricity sections 42 and 44 prepared in a revolving shaft 16 
and one by this rotation carry out eccentric rotation of the inside of the vertical cylinder 38 
and 40. 
[0041] 

The low-pressure refrigerant inhaled at the low-pressure-chamber side of a cylinder 40 from 
the intake port which this does not illustrate via the intake path 60 formed in the refrigerant 
installation tubing 94 and the lower supporter material 56 is breathed out in a well-closed 
container 12 from the interstage-outflow tubing 121 through the free passage way which is 
compressed by actuation of a roller 48 and a vane 52, serves as intermediate pressure, and is 
not illustrated from the hyperbaric-chamber side of the bottom cylinder 40. By this, the inside 
of a well-closed container 12 serves as intermediate pressure. 
[0042] 

And the refrigerant gas of the intermediate pressure in a well-closed container 12 is inhaled at 
the low-pressure-chamber side of the upper cylinder 38 from the intake port which is not 
illustrated via the intake path which came out of the sleeve 144 and was formed in the 
refrigerant installation tubing 92 and the up supporter material 54, and which is not illustrated. 
The 2nd step of compression is performed by actuation of a roller 46 and a vane 50, and the 
refrigerant gas of the inhaled intermediate pressure turns into a refrigerant gas of a high- 
pressure elevated temperature. After radiating heat by the gas cooler 1 54 via the regurgitation 
silence room 62 and the refrigerant discharge tube 96 which were formed in the up supporter 
material 54 through the regurgitation port which is not illustrated from a hyperbaric-chamber 
side, The internal heat exchanger 160 is passed and it flows in a rat tail (decompressing) and 
an evaporator 157 by the expansion valve 156 of predetermined opening. 
[0043] 

Then, a refrigerant evaporates, by carrying out endoergic from a perimeter then, a cooling 
operation is demonstrated and in the car is air-conditioned. Then, the cycle absorbed in the 
1st rotation compression element 32 from the refrigerant installation tubing 94 through the 
internal heat exchanger 160 and an accumulator 158 is repeated. 
[0044] 



Here, in the condition that the rotary compressor 10 has stopped without carrying out long 
duration use of the vehicle (car air-conditioner), the pressure of the whole refrigerant circuit 
including the inside of a rotary compressor 10 is balanced. With the 2nd rotation compression 
element 34, it will be in the condition that differential pressure hardly arises in a discharge 
side an intake side until the discharge pressure of the 1st rotation compression element 32 
goes up, since the work referred to as a refrigerant being first absorbed by the 1st rotation 
compression element 32, compressing, and being breathed out will be started, if a car air- 
conditioner is used from this condition and the electric element 14 of a rotary compressor 10 
is started. That is, with the 2nd rotation compression element 34, it becomes the situation 
which work hardly constitutes. 
[0045] 

Although the discharge pressure (high-tension side) of the 2nd rotation compression element 
34 will also go up gradually and the 2nd rotation compression element 34 will also begin to 
work in fact with the rise of the discharge pressure (intermediate pressure) of the 1st rotation 
compression element 32 Only the 1st rotation compression element 32 works in the time of 
starting like ****, and the 2nd rotation compression element 34 serves as an imbalanced 
operation situation referred to as hardly working. 
[0046] 

In such a situation, when the 1st rotation compression element 32 is in a pressing operation, 
the running torque which changes size is needed, but running torque becomes small when the 
2nd rotation compression element 34 with it and the phase contrast of 1 80 degrees is in a 
pressing operation. That is, fluctuation of the torque under 1 rotation of the electric element 
14 becomes large. 
[0047] 

If the pressure imbalance condition of such 1st rotation compression element 32 and the 2nd 
rotation compression element 34 is continued for a long period of time, it may become 
imbalanced, an overcurrent may flow to each power transistor TR of Inverter I, and 
destruction may produce torque required for rotation, and the current which flows to the 
stator coil 28 of the electric element 1 4 in order to generate driving torque since it becomes 
imbalanced. 
[0048] 

Here, drawing 5 shows change of the output current of the inverter I when the pressure 
imbalance in the starting initial state of the rotary compressor 10 to apply has arisen, this 
drawing shows the relation between a compression stroke and which [ of U phase, V phase, 
and the W phases ] current which is further alike and flows. Namely, the current detected by 
the imbalance of torque by the current transformer 109 by the above-mentioned reason also 
becomes imbalanced. the peak value II, 12, 13, and 14 of a current — scatteringly — becoming 
— an example — II or 14 (the 1st step compression, the 2nd step inhalation or the 1st step 
compression initiation, the 2nd step regurgitation) — maximum — becoming — 12 or 13 (1st 
step the regurgitation and the 2nd step compression initiation or the 1st step inhalation, the 
2nd step compression) — ** — it becomes the minimum value. 
[0049] 

If the electric element 14 is operated by 60Hz when detecting this current imbalance, and 
current detection spacing is performed by 500microsec, the current wave form under 1 
rotation of Rota 24 will become two periods by the electrical angle like drawing 6 , and time 
amount in the meantime will serve as 16.7msec(s). And a microcomputer 107 judges the 
electrical angle for two periods (16.7msec) from the current value detected by the current 
transformer 109, and it judges whether the average of the current value of the wave output 
section (inside A, B, C, and D of drawing 6 ) was made, the adjacent wave-like (A, B, B, and 



C, C and D) average was compared, and it has expanded to the predetermined value 

beforehand set to which combination. 

[0050] 

In this case, in D/Oalpha, a microcomputer 107 judges that there are two waves adjoined 
more than the predetermined ratio (alpha) defined beforehand at the time of the average of 
B/C<alpha and average <D of C at the time of the average of A/B>alpha and average >C of B 
at the time of the average of average >B of A. That is, two periods with the aperture more 
than a predetermined ratio presuppose that current imbalance has occurred the 
microcomputer 107, when continuing beyond fixed time amount ( drawing 7 ). The current 
wave form in which current imbalance (16.7msec=2 period) is carrying out count 
continuation of X by a diagram is shown. 
[0051] 

And if current imbalance occurs, a microcomputer 107 will stop the control of an expansion 
valve 1 56 which transmitted the signal to the expansion valve control circuit 1 04, and was 
being performed till then, and will reset it as the opening of the expansion valve 1 56 decided 
by the OAT and the frequency of the rotary compressor 10 at that time. And after operating 
by the expansion valve 1 56 opening fixed time, if a wave improvement is checked, it will 
return to control of the expansion valve 1 56 which was performing return and being extended 
and improved if not checked till then at it when the expansion valve 156 usual control had 
waiting-improved. Since the refrigerant gas breathed out from the 2nd rotation compression 
element 34 is controlled by this, differential pressure with a discharge side expands quickly 
the discharge pressure (high pressure) of the 2nd rotation compression element 34 the intake 
side in the 2nd rotation compression element 34 by the ability going up now in a short time, 
and it comes to do original work. 
[0052] 

By this, energization of the excessive current to the inverter I by the imbalance of the 
pressure like **** can be quickly canceled now, destruction of a power transistor TR can be 
prevented, and dependability can be sharply raised now. 
[0053] 

Thus, the improvement in dependability of a compressor and the overcurrent protection of an 
inverter can be realized, without establishing an exceptional detection means, since the 
pressure imbalance of a rotary compressor 10 can be prevented using the signal detected by 
the current transformer 109. 
[0054] 

In addition, in the example, when pressure imbalance had occurred, the microcomputer 107 
controlled the expansion valve 156 by the expansion valve control circuit 104 to 
predetermined opening, but even if it controls the rotational frequency of the electric element 
14 not only it but in addition to it, it does not interfere. Moreover, although the example 
explained the pressure imbalance in the starting initial state of a rotary compressor 10, it may 
generate, also when a rotational frequency falls to low rotation quickly from the condition of 
high rotation [ the electric element 14 ], and this invention is effective also in such a case. 
[0055] 

Furthermore, although explained to the refrigerant circuit of a car air-conditioner with the 
application of the rotary compressor 1 0 of an internal intermediate pressure mold, also not 
only in a rotary compressor but a scrolling and reciprocating type multistage-compression 
type compressor, this invention is effective. 
[0056] 

[Effect of the Invention] 

As explained in full detail above, according to this invention, it has an electric element and 



the 1st and 2nd compression elements driven with this electric element in a well-closed 
container. In the refrigerant cycle equipment with which it had the multistage-compression- 
type compressor which attracts the refrigerant gas of the intermediate pressure compressed 
with the 1st compression element to the 2nd compression element, and compresses and 
carries out the regurgitation to it, and the refrigerant circuit was constituted It has the control 
unit which controls an electric element by the inverter. This control unit Since the pressure 
imbalance of each compression element of a compressor was detected based on the output 
current of an inverter, it becomes possible to avoid beforehand un-arranging, such as 
destruction of the inverter for an electric element drive produced according to the pressure 
imbalance of each compression element. 
[0057] 

This becomes possible to aim at improvement in the dependability of a compressor. The 
improvement in dependability of a compressor and the overcurrent protection of an inverter 
can be realized without being able to use the current detection for the overcurrent protections 
of an inverter, and establishing an exceptional detection means, since the pressure imbalance 
of a compressor is especially detected based on the current of an inverter output. 
[0058] 

Moreover, according to invention of claim 2, it adds above, and since the control device was 
judged to be what pressure imbalance has produced in each compression element of a 
compressor when the difference of the maximum of the output current of an inverter and the 
minimum value was expanded to a predetermined value, the program about detection of the 
pressure imbalance of the 1st and 2nd compression elements etc. can be constituted 
comparatively easily. 
[0059] 

Moreover, since according to invention of claim 3 the expansion valve which constitutes a 
refrigerant circuit was controlled to predetermined opening when it was judged as that from 
which pressure imbalance has produced the control device with each compression element of 
a compressor in addition to the above, the pressure imbalance in the starting initial state of a 
compressor can be canceled at an early stage. 
[0060] 

This is enabled to cancel the pressure imbalance produced in the 1 st and 2nd compression 
elements for a short time, and a remarkable improvement of dependability can be aimed at 
now. 
[0061] 

This invention will become very suitable when differential pressure uses the carbon dioxide 
which becomes large as a refrigerant especially enclosed with a refrigerant circuit like 
invention of claim 4. 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing of longitudinal section of the 2 steps of internal intermediate 
pressure mold compression equation rotary compressor which constitutes the refrigerant 
cycle equipment of the example of this invention. 

[Drawing 2] It is the refrigerant circuit Fig. of the car air-conditioner of the example of the 
refrigerant cycle equipment of this invention. 

fDrawing 3] It is the block diagram of the electrical circuit of the car air-conditioner of the 
example of the refrigerant cycle equipment of this invention. 

[Drawing 4] It is drawing showing the opening of an expansion valve to the frequency and 
OAT of a rotary compressor. 

[Drawing 51 It is drawing showing change of the output current of an inverter when pressure 
imbalance has arisen in a rotary compressor. 



■ 



[Drawing 61 It is drawing showing change of the current when changing the current wave 
form under 1 rotation of Rota (they being two periods at an electrical angle) at intervals of 
detection of SOOmicrosec. 

rDrawing 71 The current imbalance of this drawing 6 is drawing 7 which carries out count 

generating of X and shows a condition. 

[Description of Notations] 

1 0 Rotary Compressor 

14 Electric Element 

16 Revolving Shaft 

1 8 Rotation Compression Device Section 
22 Stator 
24 Rota 

32 1st Rotation Compression Element 
34 2nd Rotation Compression Element 

102 Booster Circuit 

103 Transistor Module 

104 Expansion Valve Control Circuit 

105 Rota Location Detector 

106 Inverter Drive Circuit 

107 Microcomputer 

109 Current Transformer 
1 56 Expansion Valve 
I Inverter 

TR Power transistor 



[Translation done.] 
* NOTICES * 

JFO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

In the refrigerant cycle equipment with which it had an electric element and the 1st and 2nd 
compression elements driven with this electric element in the well-closed container, it had the 
multistage-compression-type compressor which attracts the refrigerant gas of the 
intermediate pressure compressed with said 1st compression element to said 2nd compression 
element, and compresses and carries out the regurgitation to it, and the refrigerant circuit was 
constituted, 

It is refrigerant cycle equipment which is equipped with the control device which controls 
said electric element by the inverter, and is characterized by this control device detecting the 



pressure imbalance of each compression element of said compressor based on the output 
current of said inverter. 
[Claim 2] 

Said control device is refrigerant cycle equipment of claim 1 characterized by judging it as 
what pressure imbalance has produced in each compression element of said compressor when 
the difference of the maximum of the output current of said inverter and the minimum value 
is expanded to a predetermined value. 
[Claim 3] 

Said control device is refrigerant cycle equipment of claim 2 characterized by controlling the 
expansion valve which constitutes said refrigerant circuit to predetermined opening when it is 
judged as what pressure imbalance has produced with each compression element of said 
compressor. 
[Claim 4] 

Refrigerant cycle equipment of claim 1 characterized by using a carbon dioxide as a 
refrigerant enclosed with a refrigerant circuit, claim 2, or claim 3. 



[Translation done.] 
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